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A brief description of RELKIN follows. It is operational on the
computer at Boulder, Colorado: to run the program call Ward Schultz
303-443-2211, etc. 7264 and use the telephone credit number
J654-3460-234,

The program will do two types of problems: (1) 2 bodies in, 2

out and (2) decays.

A+B-C+D, (1)

and
A—~-C+D,

The control cards are set up so that it is easy to specify a problem like
T A; + n where p i_nc goes from 25 GeV/c to 400 GeV/c in steps
of 25 GeV/c (this Would:tT)e 16 problems at 1.5 sec each = 24 seconds of
computer central processer time). A 'standard' output is oM going
from 0° to 180° in 5° steps; this can be modified via control cards.

Ward can punch up the control cards for you and hence the description

of control cards that follows is unnecessary.

# Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission
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Card 1 Format (8F10.5)

M1, M2, M3, M4, PMIN1, PMAX1, P2

Card 2 Format (8F10.5)

TMIN1, TMAX1, DELTA (P or T), THETMN, THETMX, DTHET
M1 = mass of A - particle in (1) or (2)

M2 = mass of B - particle in (1) [Blank or zero in (2) ]

M3 = mass of C - particle in (1) or (2)

M4 = mass of D - particle in (1) or (2)

PMIN1 = the starting lab momentum of A
PMAX1 = the end lap momentum of A
DELTA = increment in going from PMIN1 to PMAX1

TMIN4, TMAX1 are not used (zero or blank) if you are working with
incident momenta instead of incident kinetic energy.

P2 is zero or blank if particle B in (2) is at rest; you can give it + or
- momenta along the direction of A to simulate a small class of
Fermi momenta.

THETMN, THETMX, DTHET are center -of-mass variables; if zero
or blank the program assumes a ''standard problem" of 0° to

180° in steps of 5%,

As many sets of 2 cards can be used at one time as you want; one
blank card at the very end will terminate the program in a natural way.
Sample output for (1) and (2) are appended. Directions for reading

output:
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MOM =P = momentum, T = kinetic energy, V = velocity, M = mass.
Units are C = 1.0, THETA and THECM in degrees. Suffix CM means
center-of-mass system, no suffix means lab system. Particle 1 is

the incident particle, 2 is the target particle. P2 is zero unless speci-
fied otherwise; 3, 4 are final state particles. Direction of +P1 defines
zero degree angles for all particles. Input data must be in consistent
units. Output quantities will be in the same units as the input data;
CM/LABT is the center-of-mass —to-lab transformation factor:

dQ (CM)/d (1ab).
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Il. PRO3LEM SOLVED BELQW FOH_PI- 25.00000_ paf ___=0.00000

'”c‘ENTER'd'F""M'A's's'"?i"E'["A"T"i—\/_E_"i‘b"I'A'B"GAMMﬁ = 1.115440

22.43498, V= +99901s ETA TOTAL ENERGY CM =

= 22441268,

_ M= 1,715440s Pl=__ 25.00000s Tl= 23.90943, V1= 99901, P1CM=___ 0.00000,_TYICM= __ 0.00000s ViCM=: 0,00000

TTM3= .933260Gy FCR LAR QUANT ITItS , OF PRTCL 3 SEE TABLE BELOW, P3CM= «10023, T3CM= «00534» V3ICM=. .10623

M4= «139580y FCR LAR QUANTITIES OF PRTCL & SEE TABLE BELOW. P4CM= 410023, T4CM= _«03226»_V4CM=: ,58329
THETICM THET3 MOM3 T3 V3 CM/LABT _COSTHET3 THETS MOM4 T . N4 CM/LABT co,s_:r,ﬁ_t_-:n
~0,009 0.000 23.39737 22.4719Y .9992p 5440643 Yl 00000 0.000 1.60268  1.46916  .99823 _ 255.660 100000
T 5.0ug S021 T 23.3R88 52,4653  .99920  54616.4 1400000 0311 1.61126  1.,47771  +99627 2624186 .  ,99999
10.000 2043 23,3632 22,4437 .99919  S55005.4  1.00000 «609 _ 1.63693_ _1,50329_ .99638  282.729  ,99994
TTT15.000 064 23,3207 22.4013 99919  55¢65.4 1.00000 885 1.67950 1,54571 99656  320.456 209988
20,000 <084 23,2617 52,3424 .9991G  5&e33.7 1.00000 14130 1,73863  1,60465 381.719 '.__g9,9e1
25,000 <105 23,1867 22.2614 99918 57g36.3 1.00000 1,338  1,81386 478,324  .99973
—30,900 T124 23,0061 22.1769  .99918  S9g3z.2 1.00000 1.508  1,90461 632,830 +99965
___35.000 o143 22,9907 22.07i6 499917 61793.6 1.00000 1639  2.01018 ____892.223 »99959
T 40,000 161  22.8713 21.9923  .99914 64544.5 1.00000 1734  2.12976 1370445 «99954
45:000 «179 22,7388 21,8199 99915 68(2%,9 1.00000 1.795 2,26243 ___ 2428,56 «99951
Su,udQ 2195 22,5942 21.6754  ,99Y14  T2465.1 +9999Y 1.828 2.,40718 6118,71 «99949
55.0uQ 0210 22,4386 21.51$9  .99913 78z03.3 +99999 1.836 2,56291 42249,7 . 499949
60,vd0 +223 22,2731 21,3566 ,99911 85767.6  +9999Y 1.823  2,72843 6258,39  ,99949
65.0vp «236  22.0991 21,1808 .99910 96028.7 + 99999 1796 2.90248 3918,72 «89951
70.ud0 2246 21,9179 20.9997  «99908 110527 +99999 1.750 3,08375 3133,52 +99953
75.udp <255  21.7308 20.81c8 .9990% 132265 «99999 14696  3,27084 2782.08 99956
80,000 +263  21.5393 20,6215 99905 1¢7980 +99999 1e634  3,46234 2614.78 +99959
T 85,400 <268 213448 20.4212 +99904 236546 «9999y 14565  3,65679 2544414 409963
90 W00 <2727 21,1488  20.2314  .99%02 418637 «5959Y 1,491  3,85273 2531.25 «09966
95,u09 «273 20.9528 ?0 0356  «99v00 2257779 299999 1,413 4.04864 L, 2555.86 _ ,99970
1004000 «2727 20,7583 19.6413 .99498 625373 + 99999 16333 4,24306 5 2606.11 499973
__105.00¢ «270__ 20.5668 19,6499 99896 26505 .9999Y 1251  4,43450_ ¢ 2674432 +99976
1107000 +265  20.3797 "‘197»'6'3'0 «99594 169021 9999y 14168  4,82150 2755.10 «99979
115,000 «258  20.1984  19.2819 99892 122620 «99999 1,084  4,80264 2644433 +99982
120,900 0248  20.0244 3‘9 1081 .99890 95692.3 .99999 ¢999  4,97655 2938,71 «99935
T 125.009 237 19,8589 18.9428- .99889 78g88.1! .9999Y «915  5,14190 3035443 +99987
130,000 0223  19.7033  18,78/3  ,99587 _ 67107.3L__ «9999Y «B31___ 5.29744 3132.02 +99989
135,000 «208 1Y.5586  1B.64Z8 99685 5B8612.6: «9999Y o746  5,44199 3226.28 99992
140.u09 2190 19.4260 18,5104  .99884__ 52298.3L  .9999% _e662__ 5,57443 3316,23 «99993
TT145.600 <171 19,3066 18.3911 .998B2  47514.5¢ 1.00000 T e579 5,69378 3400.05 «99995
TT1500000 SIS0 19,2012  18.2658 99881 43856.5¢! 1.00000 #6495  5,79911 3476,13 +99996
155,000 2127 19.1106___ 18,1953 _ .998B0___ 41061.4% 1,00000 ___ _.412 5,88963_ 5, ___3543,03_____.99997
160700 <1037 19,0355  18.1203 L9979  38g53.6! 1.00000 e329  5,96465 3599,51 299998
2078 18.9765__ 18,0614  .99878  3741447. 1.00000__ 247 _ 6,02360___ __ 3644454 +99999
<053 18,9340 18,0190 .99877  36365.,30 1.00000 164  6,06603 3677429  1.00000
2026 18,9084 17,9934  +99877  35754.40__ 100004 _ _082 6.09162 5. 3697.19  1.00000
0.000 16.8998  77.9848 99477 35553,9F 1.00000 0,000 6,10017 '3703.86  1.00000
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II. PROBLEM SOLVED BELOW_FOR pl= _ 300.00000 B2z =0.0u000"

TCENTER OF waSS RELATIVE 70 LAG GaWRA = 12.66277, VA Lecéedy ErA = [2.gi23r  TOTAL ENERGY CM =  23,763826

—

M= 938260, Pl=__ 300.00000y T1z 299,063 = . - 481y_T1lCM= 10.94365s_V1CM=__,99688
M2= . 938260y P2= .‘n'.-0-0’8-3-0-.—%:—2—-3',-8035},—:—2,’»;;~},;»ggggg-;-—:;g;__.--—-~-—{-};gm1, T2CM= 10.94365s v2CM= ,99688
M3% 934260, FCR LAR NUANTITIES_OF PRTCL 3 SEE TABLE BELOW,_ P3CM= __ 11.4Bls T3CM=___10.94365, v3Cm=. ,99688
M4= +938260, FCR LAR QUANTITIES OF PRTCL 4 SEE TABLE BELOWs PaCM= ~ 11.g481s T4CM= 10.94365s V4CM= ,99688
THET3CM — THETI ~ “Vicm3 T3 V3 Cli/LABT ~COSTHETI  THETA ~  MOMé T4 1 CM/LABT ~ COSTHET4
=0eU00T T 0,000 300.p00  599.063 1.000C 567 44 0000 s 000000 #000000 400000 #000000  -.00000
__5ev00__ .198_ 299,431 298,494 1.oougg 63;.623 1233323 2‘1’:82‘{ 1417964___,569013___o78B263___ _.020496___ .48387_____
10.900 396 297,728 256,791 1.00000  631.82) $999% 42.069 306980  2,27172  ,95633  ,090481 « 74234
_15.900  .596 294,905  293.968  .99¥99  619.913 +99995 30.955 596902 5.09517 98783  .295237  .8S7TS7__
20,000 +768 290,982 290.045  .99990  603.557 ‘ggm 24,125 091181 9.01786  .99555 767257 +91266
_304000  1.212 279,066 579.030 <9999 20,9507 __20.0334_ .99500__ 3,26156 295921
35.900 1 .426_"2'7'2';‘9‘5'7‘“'27‘2?0'2'1"—.'6999';‘ 23? Z}’Z ‘33323 12'328 27,9650 27.0425 .99944  5,74624 «97004-
_40.u00 1,646 265,016 264,079 ,99999  500.804 99959 12,2641 35.9098 34,9837  .99966__ 9.40495 97726
45,000 148737 256,203 255,266 99999  462.106 .G9947 10,793 %44.7252 43,7968  ,99978 14,5144 «9R231
_S0.u0p 24169 246,585 245.649 .99999  433.682 ~99932 9' 611 D%.3447 53.4165 499985 21.3500 _ ,98596___
—&07v00 2V 6)0T 2457536 B4 YT 509y9 ' 75.6982 74,7658 .99992 " 41,2230 499078
65900 24880 213,663  212.726 .99992 g;}::gg; "33332 ;'32?, 87,2700 85,3368 499994 54,6997 99241
70000 31657 201,611 2004674 299999  29p,.157 ':99r¢-7 6'434 99,3226 ©8.3888 ,99996 T0.7594 «99370
_75.009 3.4€7 189,169  188.233 - .99999 255,529 Lt 5'575 1114764 110.830__ +99996__ 89,5030 .99475_
a0,u00 IUTST  UV6.433 175,497 499999 222360 " 99781 5.376 1244500 123,566 99997  110.969 +99560
SSQQQG 4.139 163,500 i62.5a4 '99995 191.03‘ :99739 4:925 137.434 _136-499 +999098 135.126 «99631
90,000 44515 150,467 149.552 49999, 16 1504467  149.532 .99998  161.874 299690
795,009 4925 137.43% %3‘6’.‘4‘9‘9 .9‘9‘99’2’ igl ’fgi "'23232 Z'§§§ 163.500  162.564 99998 191,034 «99739
109,000 50376 126,500  123.566  .99997  110.969 " 99560 30791 1764433 175,497 99999 222,360 .09781
110+000 64434 99.3226  03.35¢8  .9999g  70.7594 '199370 30165 2014611 200.674  ,99999 290.157 +99847
115900 7.066  BYIZ700  B6.3368  .99994 54,6997 1199241 >.ggp 213.663  212.726 99999  325.799 299874
1205000 7,786 75,6982 74,7656 -9999 E ; ey~ 225.234 2244297 499999 351.961 «99896
125.400 80626 64,6053  63.7638 ,99983 ‘;},"5333 '123273 33;2 _ 236,236___235,299__ ,99999 398,109 .99916_
139!000 ° q-:a_].-l : 5-473_4—1_;7 53.4145 .9-9?85 21.°3§‘00 .’('qasfg‘b 2.109' 246.585 245.649 .99999 433.682 .99932
135,000 10753 44.7252 . 43.7968  .99978  14.5144 108231 1'373 256,203 255,266 499999  468.106 299947
14920007 12,241 35,5098 34.9837 .95966  9.40495 * (57720 1.666"  265.016 264,079 .99999  500.804 «99959
1454000 144060 27.9650  27.0425 99944 5.74624 197004 1o426 2722957 272,021 99999  531.212 «99969
150.000 160420  20.9507 20,0334 .99y . 95a 279.966_ 279.030__ 499999 558,796 +99978
185vive 19605 14,0187 14,0099 .,9‘,33 ? 2:%—3? . ‘Zizﬁﬁ . }'--g-ég-“zas <990 285.053 «99999 583,058 «99985
1604000 244125  9.91181  6.01786 .YY555 767257 ‘9178 :793 __290.982 2904045 499999  603.557 209990
0o 3049557 50960027 5.09517 98783 L265237 LE8575/ Tgge” 294905 293,968  ,99999  619.913 «99995
9.000 42,069  3.06980  3.27172  .95633  .04048) Li74234 1396 _ 2974728 2964791 100000 631.82} ¢99998
60" 61.06Y I.17964  L569013 LTHZ63 . 030498 :4,,838-, — 198" 299.431 298,494 1,00000 639.057 = .99999Y

J00 " 90-00G 00000 000000 S 00000 F060000 =5 (60063 g ooo 300,000 7299.063 " 1.00500  641.485  1.00000




